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This invention relates to urine sugar testing, and more 
particularly to the type of testing which by virtual neces 
sity is carried out daily by diabetic patients themselves. 
For many years the use of alkaline copper solutions 

have been a standard test toindicate the presence of re 
ducing carbohydrates in aqueous solution, the color 
changes involved permitting both qualitative and quan 
titative indications. ‘ From a medical standpoint, per~ 
haps the most important application of such a test proce 
dure is in the determination of glucose in urine, and this is 
of particular importance for diabetic patients who must 
gauge their daily dosage of insulin according to urine 
sugar content. The need for such daily tests by diabetic 
patients has provided a strong stimulus for the develop 
ment’ of more simpli?ed test procedures, which are 
adapted for use by the patient in his own home. 

Tablets are available commercially today, whichiupon 
being dissolved in a urine specimen, provide a color in 
dication corresponding to the glucose content of the 
specimen. While heating of the test specimen is required 
with laboratory solutions like Fehling’s and Benedict’s, 
the commercial tablets contain a large excess of sodium 
hydroxide for providing the required heating by means 
of, the heat of solution of the sodium hydroxide in water. 
While this type of tablet has obvious advantages from the 
standpoint of convenience, it does have a number of 
defects and limitations, which heretofore have not been 
satisfactorily overcome. '’ 

Sodium hydroxide is an exceedingly hygroscopic sub 
stance, requiring the tablets to be packaged in a com 
pletely dry atmosphere, and to be protected from contact 
with atmospheric moisture ‘until they are used. This 
problem is paricularly acute because in order to supply 
the necessary heat for the test reaction, it is usually nec 
essary to have over 50% for the tablet composed of 
sodium hydroxide. ' ' ~ ' 7 

Another limitation on the use of sodium hydroxide as 
an ingredient of the test composition, is that the composi 
tion must be distributed in the form of tablets, rather than 
as powder which would be more easily dissolved in the 
specimen. This is true because it is almost impossible to 
maintain sodium hydroxide in the form of a free-?owing 
powder. On the other hand, the use of sodium hydroxide 
in tablets is not a complete answer, because the tablets 
tend to react on their surfaces with protein substances in 
the urine specimen, such as albumin and mucin, thereby 
forming coatings on the tablets which interfere with the 
dissolution of‘the tablet ingredients. The inclusion of 
effervescent reagentspin the tablet has been proposed for 
the purpose of overcoming thiscoating problem, but such 
reagents increase the overall cost of the tablets. 

Certain other di?iculties and inconveniences are asso 
ciated with the present procedure for home urine testing. 
Glass test tubes are employed for the specimens, which 
must be thoroughly cleaned before reuse. Also, it is 
necessary to compare the color of the test solution on 
completion of the reaction with a separate color chart, 
which is easily misplaced. ' 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

65 

70 

2 
It is therefore a general object of this invention to pro 

vide an improved method and improved means for the 
determination of the sugar content of urine by diabetic 
patients themselves. More speci?cally, it is an object to 
provide a method and means of the character described 
which avoids the use of sodium hydroxide or compar 
able alkali metal hydroxide, while at the same time pro 
viding a composition that supplies its own heat for the 
test reaction when dissolved in water. Still another ob 
ject is to provide a sugar test composition which can be 
commercially distributed in the form of a powder, as 
well as in the form of tablets, and which in either form 
requires a lesser amount for the test than has heretofore 
been required. Still another object is to provide an im 
proved disposable vessel adapted for use in testing the 
sugar content of urine, which eliminates the need for re 
usable glass test tubes and a separate color comparison 
chart. Further objects and advantages will appear as the 
speci?cation proceeds. 
Some of the aspects of this invention are illustrated in 

the accompanying drawing, in which 
Fig. 1 is a side sectional view of a disposable sugar 

testing vessel constructed in accordance with one part of 
my invention; and Fig. 2, a plan view of an envelope 
containing a test mixture in powder form which has been 
formulated in accordance with another part of my 
invention. 
As already indicated, this invention is generally con 

cerned with a test for reducing sugar vin aqueous solution 
of the type in which a measured quantity of the test solu 
tion is mixed with a measured quantity of an alkaline 
solution of a cupric salt,'and then the mixture is heated 
to reduce the cupric salt to cuprous oxide in proportion 
to the reducing sugar content. '_In the case of urine speci 
mens, the reducing sugar is glucose, While alkaline solu 
tions of copper sulfate are usually employed for making 
the analysis. In one of its aspects, this invention is 
particularly concerned with the improvement wherein a 
solid alkali metal alcoholate is introduced into the speci-L 
men during testing, and the amount thus introduced is 
regulated to generate sufficient heat by reaction with the 
Water in the specimen to form the cuprous oxide. 
Any alkali metal alcoholate can be used, since this 

class of compounds reacts violently with water, although 
sodium methylate is preferred. For example, sodium 
ethylate or sodium glycerate can be substituted’for sodium 
methylate. The lithium alcoholates, depending on their 
commercial availability, .are quite desirable because of 
their very low hygroscopicity. 
The other reagents employed for the test would in 

general be the same as taught by the prior art, that is, 
the water-soluble cupric salt is preferably copper sul 
fate, and the test solution should be at an alkaline pH. 
Since alkali metal alcoholates react with water to form 
alcohols and alkali metal hydroxides, it is not essential 
that another reagent be used to provide the required 
alkilinity for the reaction. Thus, a mixture of ingredi 
ents for the test need not contain any sodium hydroxide 
or other alkali metal hydroxide. 
The test solution should also preferably contain a 

buffer salt which does not interfere with the test reac 
tion. Best results are obtained with water-soluble com 
pounds providing either tartrate or .citrate ions, and this 
would include not only salts like sodium ‘citrate and 
sodium tartrate, but also their corresponding 
namely, tartaric and citric acids, since the acids would 
be neutralized to form the salts by the alkali metal‘ 
hydroxide which is formed when the alkali metal alco 
holate reacts with the water. 
More speci?cally, this invention in its method aspect‘_ 

is concerned withrthev testing for sugar content of urine, 

acids, 1 
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wherein there is introduced into the aqueous test speci 
men a predetermined quantity ‘of a mixture of solid re 
agents including a water-soluble cupric salt, an alkali 
metal alcoholate, and a water-soluble compound provid 
ing either tartrate or citrate ions. This mixture is then 
dissolved in thev aqueous solution and at the same time 
the solution is heated by the reaction of the alkali metal 
alcoholatewith the water of the solution. It will be 
understood that a suf?cient quantity of the alkali metal 
alcoholate should be employed to heat the water to a 
temperaturesuf?ciently high to convert the cupric salt 
to cuprous oxide. 
One of the important advantages of test composi 

tions formulated in accordance with the present inven 
tion is that such compositions can be distributed either 
in the form of tablets or as a free-?owing powder. In 
either case, the composition should of course be in a 
solid, dry form. For example, powdered or ?nely 
divided measured quantities of copper sulfate, sodium 
methylate, and a suitable buffer, such as sodium tartrate, 
sodium citrate, tartaric acid, citric acid and other buffers 
of comparable properties, can be mixed together to form 
a free-?owing powder, which can then be packaged as 
illustrated in Fig. 2, where 10 designates an aluminum 
foil packet consisting of two sheets of aluminum foil 
crimped together around the edges. As shown in Fig. 2, 
the packet 10 is broken away to disclose the powdered 
composition 11 therein, which by tearing a corner of 
the packet can be intrduced into a test specimen. Alter 
natively, such compositions can be compressed to form 
tablets of smaller size than has heretofore been neces 
sary for a similar purpose. It will be understood that 
other speci?c ingredients can be substituted, as has 
already been discussed. 

In another of its aspects, this invention is concerned 
with a disposable vessel adapted for use in testing the 
sugar content of urine, such a vessel being illustrated 
in Fig. l of the drawing. In the illustration given, the 
test vessel consists of a cup 12 formed of a ?exible 
water-retaining sheet material having a water-soluble ' 
coating 13 on the lower part of its inside surface. Pref 
erably, cup 12 is formed of water-retaining paper and 
has a conical shape, as shown. 

Coating 13 can contain various ingredients, but it 
should include a water-soluble cupric salt as one of 
the essential ingredients, and it preferably also includes 
a water-soluble compound providing either tartrate or 
citrate ions in aqueous'solution. For example, coating 
13 can be composed of a mixture of copper sulfate and 
sodium tartrate. It can beapplied to the interior of 
cup 12 by any suitable procedure, such as adding a 
small amount of water to a mixture of the coating in 
gredients to form a paste,'and then spreading the paste 
over the interior surfaces of the cup. The coating can 
then be air-dried, or dried by heating. In this way a 
predetermined. quantity ofthe test reagents can be in 
cluded within the disposable vessel, while being readily 
available for carrying out the test. In using such a 
disposable vessel, a measured quantity of the specimen 
would be introduced, followed by a sul?cient amount 
of an- alkali metal alcoholate to heat the solution to 
near the boiling point. The violent reaction of the 
alkali metal alcoholate with the water has the further 
advantage of promoting the dissolution of the material 
in the coating layer on the inside of the cup, and thus 
gives assurance that uniform test results will be obtained. 

It is also preferred to provide the disposable test ves 
sel with a horizontally-extending indicia 14,.as‘ illustrated 
in Fig. l, for indicating the desired liquid level, and 
thereby making it unnecessary to'measure the test speci 
men prior to its introduction into cup 12. Also, the 
upper portion of the inner walls‘ of the cup can have 
colored panels impressed thereon, such as panels 15, 
the various panels showing respectively the colors core 
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4 
responding to a particular sugar content, say, from O to 
2%, as illustrated. 

This invention is further illustrated by the following 
speci?c examples: 

Example I 
A free-?owing powder for use in urine sugar testing 

can be prepared by mixing together powdered copper 
sulfate, sodium methylate, and sodium tartrate in the 
proportions indicated below: 
Ingredients: Parts by weight 

Copper sulfate __________________________ __ 1 

Sodium methylate ________________________ __ 5 

Sodium tartrate __________________________ __ 7 

The above compostion can be either packaged in 21/2 
grain portions in powdered form, or can ?rst be com 
pressed into 21/2 grain tablets. In either case, the 21/2 
grain portion of the composition would be used for a 
single test by introducing this amount of ~the composi 
tion into from 10 to. 15 drops of liquid, which can con 
sist of 5 drops of urine mixed with 10 drops of water. 
The test can also be carried out in the way described 
by using only 5 drops of urine and omitting the water 
because of the small quantity of the composition em 
ployed. The color of the resulting solution will be 
proportional to the glucose content of the urine, rang 
ing from dark blue for no glucose content to orange or 
brown for a high glucose content, with intermediate 
shades of green, olive green, and tan. 

Example II 

A coating composition can be prepared by mixing 1 
part by weight of powdered copper sulfate with 10 parts 
by weight of sodium citrate, and then adding sufficient 
Water to form a paste. This paste is then applied to the 
interior of a series of paper cups to form coatings there 
on of the type illustrated in Fig. 1. For example, about 
1.5 grains on a dry basis of the mixture can be applied 
as a coating on each container. In using such containers 
for testing, 15 drops of the specimen could be added, con 
sisting of 10 drops of water and 5 drops of urine. Then 
from 1 to 2 grains of sodium methylate would be added 
to heat the test solution whilebringing about the disso 
lution of the coating material, and thereby completing 
the test. As a ?nal step, the color comparison would 
be made as described in Example 1. 
While in the foregoing speci?cation this invention has 

been described in relation to certain speci?c embodiments 
thereof and a number of details have been set forth for 
purpose of illustration, it will be apparent to those skilled 
in the art that the various aspects of this invention are 
susceptible to other embodiments, and that many of the 
details set forth herein can be varied without departing 
from the basic principles of the invention. 

I claim: 
1. In the testing. of an aqueous specimen for sugar 

content wherein the Specimen is heated in the presence 
of a water-soluble cupric salt at an alkaline pH to form 
cuprous oxide in proportion to the reducing sugar con 
tent, the improvement comprising introducing into said 
specimen during said testing a solid alkali metal alco 
holate, and regulating the amount of said alcoholate thus 
introduced to generate sufficient heat by reaction with 
the water in said specimen to form said cuprous oxide. 

2. The improvement of claim 1 in which said alkali 
metal alcoholate is sodium methylate. 

3. The method of testing for the sugar content of 
urine, comprising introducing into an aqueous solution 
a predetermined quantity of a mixture of solid reagents 
including a water-soluble cupric salt and an alkali metal 
alcoholate, said solution‘ containing a‘ predetermined quan 
tity of the urine to be tested, dissolving said cupric salt 
in the aqueous solution, and at the same time beating 
said solution by reacting said alkali metal alcoholate 
with the water 55; said solution,tsaid solution being heated 
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by said reaction to a temperature su?‘iciently high to con 
vert said cupric salt to cuprous oxide in proportion to 
the reducing sugar content of said solution. 

4. The method of claim 3 in which said cupric salt is 
copper sulfate, said alkali metal alcoholate is sodium 
methylate, and in which said mixture also includes a 
water-soluble compound providing ions selected from the 
group consisting of tartrate and citrate ions. 

5. The method of testing the sugar content of urine, 
comprising introducing a urine specimen into a dispos 
able vessel having a water-soluble coating on at least 
the lower part of its inside surface, said coating includ 
ing a water-soluble cupric salt as one of the essential 
ingredients thereof, and also introducing into said vessel 
a solid alkali metal alcoholate in an amount su?icient to 
violently agitate said specimen, thereby dissolving a sub 
stantial portion of said water-soluble coating in said speci 
men, and at the same time generating su?icient heat by 
reaction with the water in said specimen to form cuprous 
oxide. 
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6. A sugar test composition in solid, dry form, com 

prising a mixture of one part by weight of a water soluble 
cupric salt and substantially ?ve parts by weight of an 
alkali metal alcoholate. 

7. A sugar test composition in solid, dry form, com— 
prising a mixture of one part by weight of a water soluble 
cupric salt, substantially ?ve parts by weight of an alkali 
metal alcoholate, and approximately seven parts by 
weight of a water soluble compound providing ions se 
lected from the group consisting of tartrate and citrate 
ions. 
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